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I. Information for Users { 


A. Introduction 


This addendum to Report No. CG-D-11-83, Wind and Wave Summaries for Selected U.S. Coast 
Guard Operating Areas, was prepared to provide additional wind and wave information to those 
operational program managers who must consider the applications of conventional and advanced 
marine vehicles relative to the Coast Guard mission. In addition to the marine summaries, a 
section devoted to coastal site wind statistics was included to provide some additional insight 
into the feasibility of wind power as an alternate energy source. While locations with even a 
considerable length of record may encounter conditions in excess of anything previously recorded, 
one should be especially careful in evaluating those with a rather short history. A number of 
such summaries have been included (Buoys, Scripps), and those having a period of record of three 
years or less have been flagged on the inventory charts (pages vi - viii). 


B. Data Discussion 


Data for this volume were obtained from four sources: NOAA Data Buoys; Army Corps of 
Engineers; the Nearshore Research Group, Institution of Marine Resources at Scripps Instituticn 
of Oceanography; and the National Climatic Data Center's (NCDC) Surface Airways observation 
file (coastal sites). These will be referred to as NOAA Buoy, Army Data, Scripps Data, and 
Coastal Data, respectively, throughout this document. NOAA Buoy data are in situ measurements 
and are documented quite thoroughly in the book, Climatic Summaries for NOAA Data Buoys (U.S. 
Department of Commerce, 1983), and in the report by NOAA/NDBO (1982). Army Data are obtained 
from hindcast models and are documented in Resio (1981), U.S. Army (1982), and Brooks and Corson 
(to be published). The Scripps coastal wave data collection and analysis program began in 1976 
and over the years the network has been added to and the geographical area greatly increased. 
Additional documentation can be found in the annual reports, Coastal Data Information Program 
Annual Report, published by the Nearshore Research Group under the sponsorship of the South 
Pacific Division, U.S. Army Corps of Engineers, and the California Department of Boating and 
Waterways. Documentation on the surface observations, Tape Data Family-14 (TDF-14), can be 
obtained from the National Climatic Data Center (Federal Building, Asheville, NC 28801). A 
statistical analysis of Tape Deck 1440 (TDF-14) by Zengerle and Barchet (1983) is also another 
good reference. The summaries based on the airway observations are limited to 3-hourly obser~ 
vations because, beginning in 1965, digitizing was reduced to the 3-hourly intervals as a cost- 
saving measure for most reporting locations. Details relating to each data source are followed 
by a more general description of the wind and wave data in the following sections. 
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. Figure 1. NOAA Data Buoy Center (NDBC) and Army Wave Information Study (WIS) data locations for 
; the Great Lakes and Atlantic Basin. Data are catalogued by buoy station numbers (e.g., 
41003) or by WIS point numbers (phase I or phase II). 
vi . 
\ 
1 
I 
i} 
| eae 7 ~ ee n i 
i ee 












































é 
= 1 
Pacific Basen 
Buoys & Scripps Sites 
SOW pm ee 
Per.od of Water Dept 
S.te Location imeters! 
Buoys 
Bucy 46919 46. 2N 124, aw a) 
Buoy 46011 34.9N 120.96 . 196 
a Buoy 46012 B7.4N 122. 7H . ar 
tn 
Buoy 46013 38. ON 123. dw - Pa] 
Buoy 46015 39.2N 124.08 . ut 
Buoy 5100! 23.4N 162. 3H . 3256 
wn Serepps Sites 
Seripps Prer 0302 32.87 117. 260 . c] 
Oceons de Beach 0403 33.19% LL, JOw - 1c 
Sorta Cruz Horbor 0603 36.96N = -122.01m - ? 
Hess.on Boy Entrance 1403 32.76N 147. 27 . 10 
me Sonto Barbora Pownt 1703 34.408 119,708 . 9 
ease Sorte Borboro 1704 34.40N 119,698 : a 
Stinson Boch 2103 37.90N 122.650 . 10 
Poewfica 2303 37.63N— 122.50M . 10 
we Cresent Coty South 2503 41.74N 124. 180 . 8 
" Sunset Beoch 2703 33.718 118.07H . 8 
Is 2'n 7 
1650 = > Pervod of Record 3 yeors of ‘ens 
Be —~ —_—— — * 
testo 140" 135" tau tas* tao" Hse 
t Figure 2. NOAA Data Buoy Center (NDBC) and Scripps data locations for the Pacific Basin. Data 
are catalogued by buoy station numbers (e.g., 46010) or by Scripps site number (e.g., 
0302). 
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Mee ot @- Coostal Sites 
Boas cael 

Marquette, MI 46.35N 
Mtwavkee, WI 42.95N 
frve, PA 42.08N 
Portland, ME 43.65N 
Bridgeport, CT AL.I7N 
Hallops istond, VA  37.85N 
Myrtle Beach, SC 33.68N 
Aquaditto, PR 18.50N 
Roosevelt Roods, PR 18.25N 
Kohuluc, AI 20.90N 156.43W 
Arcata, tA 40.98N 124,10W 
Astorivo, OR 46.15N 123.68 
Totoosh Istond, WA 48.36N 124.73H 
Corpus Christy, TX  27,.68N 97.28 





Ponoma C.ty, FL 30.07N 65.58H 
Kodiak, AK $7.75N  152.50H 
Cordova, AK 60.50N 145,50H 


Yokutot, AK .S2N 139.676 
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Figure 3. Coastal site locations. Data are catalogued by station name. 
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7 (1) NOAA Buoy Data 


Elements summarized from the NOAA Buoys are: 


¢ Significant Wave Height: Data are gathered synoptically on a hourly or 3-hourly 
basis over a 20-minute interval; the system accuracy is + 0.5m. 


Mean Wave Period: The average period of all waves present during the 20-minute 
sampling period; accurate to + one second. 


} Wind Speed: The average speed during the 8.5-minute sampling period every hour; 
accurate to + 1.9 knots or 10%, whichever is greater. 


Wind Direction: Sampled over 8.5 minutes every hour; accurate to + 10 degrees. 


Buoy winds are generally sampled at a height of 5 or 10 meters and studies have shown Pa] 
. that the winds obtained from the 5-meter level do not significantly differ from those at the 10- 
' meter level (Dobson, 1981, p. 59, Table A-3). Instrument heights above water for buoys were: 


5m: 41003, 45003, 45005, 45006, 45007, 46012, 51001 
10m: 46011, 46013, 46014 
16.5m: 46010 


Anemometer heights can be standardized in the same manner as were those for the coastal stations 
in this report (see Coastal Data, pages x and xi). 


{ (2) Army Data (Wave Information Study - WIS) 


In response to a requirement for more data in the coastal zone, the U.S. Army produced 
7 hindcasts of wave data for each 3-hourly time from 1956 through 1975. A hindcast is an estimation 
| of wave conditions based on foregoing winds. Two sources of sea-level pressure data were used to 
. develop a pressure field which was used in the development of input winds for the Atlantic Ocean 

oa wave hindcast model. These pressure data had to first be converted by means of an analysis of 

~ pressure gradients into estimates of quasi-geostrophic winds. In addition, synoptic ship reports 
| were also used in the production of the pressure and wiad fields. Other influences considered 
in the model were refraction, diffraction, sio ling, bottom friction, and wave-wave interaction. 





| b @ Hurricanes were not modeled by the Army Datz ontained in this report; but non-hurricane conditions, 
| representing the vast majority of the time, were well modeled. Characteristics of the data are as 
| follows: 
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Significant Wave Height: The root mean square of sea and swell; i.e., 


2 2 1/2 
Hy (Hen = Howell) 
Wave period: The longer period (of sea or swell) was used to approximate the peak 
period. Note that this is different from the NOAA Buoy data which shows average, 
hence usually somewhat shorter, periods. 


Wind Data: The winds were estimated based on pressure gradient fields and observed 
winds. Speeds and directions were recorded as integer values in knots and degrees, 
respectively. 


(3) Scripps Data 


The instrument locations that were selected from the Scripps file are all in shallow 
water (see page vii), resulting in most of the higher energies being filtered out. Many of these 
instruments are also located in bays or behind breakwaters where further filtering of the higher 
energies takes place. All instruments are pressure sensors and are mounted near the ocean bottom. 


The stations are generally polled at a nominal interval of six hours; however, there 
are instances of hourly observations. When duplicates or hourly observations were recorded, the 
values within that 6-hour period were averaged to produce one composite observation for that time 
frame. These then became the data input for the duration/interval and wave height/period programs. 


(4) Coastal Data 


The airways observations archived in Tape Data Family-14 (TDF-14) are mostly taken at 
airports by the National Weather Service, FAA, Air Force, or Navy. Wind speeds were originally 
recorded in miles per hour through 1955 and in knots thereafter. However, all observations have 
since been converted to knots in the existing digital data set. Beginning January 1, 1964, the wind 
directions were observed and coded to tens of degrees in TDF~14. Prior to this date they were ob- 
served and recorded in a 16~point code. Since the wind speed/direction tables in this publication 
use a 12-point direction, only the data since 1964 were summarized in an effort to prevent any direc- 
tion bias, This will cause a difference in the observation count between these tables (wind speed/ 
direction) versus the persistence and arrayed data. All of the summaries are based on 3-hourly 
observations except for Aguadilla, Puerto Rico, where 2-hourly observations had to be used. 
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Period of Record for Coastal Sites 


Marquette, Michigan 1/48-11/55 Kahului, Hawaii 12/58-12/82 
aay Milwaukee, Wisconsin 1/48-12/82 Arcata, California 12/49-12/82 
{ Erie, Pennsvlvania 1/48-12/82 Astoria, Oregon 4/49-12/82 

Portland, Maine 1/48-12/82 Tatoosh Island, Washington 1/48-7/66 

Bridgeport, Connecticut 6/47-12/82 Corpus Christi, Texas 7/48-12/82 

Wallops Island, Virginia 10/66-12/82 Panama City, Florida 1/49-12/70 

Myrtle Beach, South Carolina 1/49-11/68 Kodiak, Alaska 11/45-11/72, 

Aguadilla, Puerto Rico 3/40-12/70 1/73-12/82 

Roosevelt Roads, Puerto Rico 7/47-3/50, Cordova, Alaska 1/45-1/71 

7/5S7-11/72, Yakutat, Alaska 8/48-12/82 
1/73-12/79 
During the history of a station, the anemometer height and field location may change a { 


number of times. However, a concerted effort was made in the 1960's to standardize anemometers on 

an approximately 20-foot mast located near the runway. Prior to this, the anemometers were generally 

located on top the operations building or control tower and, in some cases, were even atop a 60- to ‘ 
80-foot beacon tower. Anemometers located in the inner city were generally mounted higher than the 

surrounding buj{ldings in order to minimize their effects on the air flow. Today, the recorded wind 

speed values are generally estimated by the observer visually averaging the values on the direct read- 

out dial over a l-minute period. Any attendant gusts would also be estimated in the same manner. 


To produce a more uniform analysis, the wind speeds were standardized to a constant 
height of 10 meters (33 feet) by using the 1/7 power law: 


h 
8, 1/7 
‘a Sah? 


Vv, = wind speed at standardized height 

V, = wind speed recorded at anemometer height 
h, = standardized height 

h, = height of anemometer 
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Although. there is still some error due to the changes of the mast location, much better wind power 
estimates can be made with these standardized heights incorporated. This is important because wind 
power is proportional to the cube cf the wind speed and a small increase in wind speed results in a 
significant increase in wind power. Also one site can now be more reasonably compared to another. 


Further details regarding coastal zone wind energy can be obtained from the reports by 
Garstang, et al., listed in the references. 


(5) Wave Data 


Wave heights in this report are expressed in terms of significant height, Hg, and are 
considered to be averages of approximately 20 minutes. Significant height is the average height of 
the highest one-third of all waves present. It can be related to extreme waves (He) in the seaway 
by the relationship 


is 1/2 
H, =H) ((1n N)/2) 


where N is the number of waves in the record (World Meteorological Organization, 1976). A practical 
upper limit is approximately 4 


H, = 1.8 H, (Simpson and Riehl, 1981). 


Maximum wave heights along the West Coast come mostly from winter storms, while for the 
East Coast, hurricanes and extratropical storms both contribute. Hurricane data are poorly repre- 
sented in the summaries (not at all in Army data) because hurricanes are such rare events. Signifi- 
cant wave heights of 10m (33 ft) are not unusual in hurricanes, and an extreme hurricane may generate 
waves of 15-18m (50 to 60 ft) (Simpson and Riehl, 1981). 


Wave periods are average zero upcrossing periods (T,) for NOAA Buoy data and appropriate 
peak periods (T,) for both the Army and Scripps data. Tz can be considered an average value, while 
T, represents the period of the waves with the greatest energy. Statistically they are related by 
the approximation 
T = 0.75 T 
z P 


though there may be significant excursions from this. 


For further details, the reader may wish to consult James (1966, 1969), Thom (1971), and 
Whitemarsh (1934). 
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(6) Wind Data 


Wind directions are in degrees from true North and indicate the direction from which 
the wind is blowing. Wind speeds are in knots and for the coastal stations standardized to a 10- 
meter height. Of the 975 locations (mostly from TDF-14) included in the National Wind Data Base 
produced by the Pacific Northwest Laboratory as part of its activity in wind resource assessment 
for the Department of Energy, some 1,890 changes were noted in anemometer height, location, or 
frequency of observations. For the 18 coastal sites summarized in this report, an average of 3.3 
height changes of the anemometer took place. The National Wind Data Index (Changery, 1978) gave 
considerable insight into identifying those periods when changes took place. 


(7) Construction of Duration-Interval Tables 


Durations and intervals are presented as cumulative percent frequency values for vari- 
ous thresholds. In this calculation, the numerator is the number of times the criterion was met for 
the stated duration or less (e.g., the number of events where wind speed was > 10 knots for 18 con- 
secutive hours or less). The denominator is the total number of events that met the criterion (e.g., 
the total number of episodes during which the wind speed was > 10 knots). For the interval presen- 
tation, an event is considered as a lull between durations (e.g., intervals between > 10-knot events 
are occurrences of wind < 10 knots). Note that the cumulative percentage of figures in the body of 
the table do not give an indication of the frequency of an event, but only show how long an event is 
likely to last once it has begun. The frequency of the event must be used in addition to the fre- 
quency of episodes (the numbers in the body of the table) in order to completely understand the sig- 
nificance of the duration percentages. Since data are 3-hourly, a single observation is assumed to 
be a 3-hour duration. 


In the monthly tables, events that are underway at the beginning of a month are assumed 
to begin on the first day of the month. Events that carry beyond the end of a month are counted until 
they actually end or they continue for the number of days possible for that month (28, 29, 30, or 31), 
whichever occurs first. 


Data missing for less than or equal to six hours (two observations) are estimated by 
linear interpolation. Values are not estimated when data are missing for more than 6 hours. Note 
that in the persistence graphs, 6-hourly instead of 3-hourly observations were used for the Scripps 
sites. For these sites, up to two missing observations were still estimated (12 hours instead of 6). 
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C. Data Format Key and Explanations 


The following legends explain how to read the individual data graphs. 


WAVE HEIGHT/PERIOD (SECTIONS 11-A, tIl-A-1, and V-A) 


Location/Month Identifier 











! 
Bars show % frequency of wave heights (about Highest wave. 
44% of waves were 0.8—1.2m). aa ga oct = (The highest wave sample was 5.5m). 
Observation total. 
(Summary based on 989 observations). 
' Total column shows percentages of wave 
» observations in each period category. 
; 
a 
: Height scale for bars and table (below). ——————p— te.gt Inerers: 
. Cumulative height percentages (97.5% of 
f] heights were 3.2m or less). —~<——-— (This entry shows 47.9% of all waves 
: ani had periods of 6—7 seconds). 
cy (seconds) j2-13 [J] 
, 


= 


Wave periods are summarized as % frequencies for each height 
range. (38.1% of the 0.8 to 1.2m waves had periods of 6—7 seconds). 
Columns total 100%. 


0.1%). Totals may not add to exactly 100% because of rounding. 
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WAVE HEIGHT PERSISTENCE (SECTIONS 11-8, II1-A-2, V-B) 
AND WIND SPEED PERSISTENCE (SECTIONS II-D, 111-B-2, IV-8) 


Both data sets use the same format. 


The plots show percentages of events with a duration above a given threshold. Note the ordinate is inverted with 100% at the bottom. 
An event begins with the wave height (or wind speed) rising above the threshold and ends when the value dips to the threshold. A 
duration is counted as a single event, regardless of its length. Three sets of thresholds are plotted on this example. To get frequency of 


occurrence, refer to the other data summaries. 


Symbols for every 1/2 day of duration. 
Computations are based on three-hourty 
data for the Buoys and WIS data and six- 
hourly data for the Scripps sites. 


Hove Hecght Duration 


Let tate 34.7 
e +10) 
Lvte 72.38 erie 








(About 25% of events with wave height over 
1.2m lasted longer than 4 days [longer 
than 4.5 days as well] ). 


Percent « 


a 





Events 


Note: Frequency lines can cross 
because the graph shows percent 
of events. 








0.0 0.5 10 Ts 20 zs lo 8S to 4s $.0 
Crvent Buratran t> given number of days! 
Te ee ™wr+ —€—_——-_— (This one graph of three sets of data plotted 
Sc. = Acad eee. Aa aac as an example was based on 32 events 
with waves >1.2m. The longest duration 
with waves continually >1.2m was 354 
hours). 
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WIND SPEED/DIRECTION (SECTIONS 1-C, 111-B-1, 1V-A) 





Location/Month Identifier 


Maximum wind. 
(This entry indicates the highest wind 
was 31 knots). 


Bars show % frequency of wind speeds 
(example shows about 30% of winds 
were 6—10 knots). 









Lotctude 31. 7m 


Longutede 70,74 Cues 11008 Poy 








Observation total. 
(Summary based on 630 observations). 


% » 


Frequency ® Fy 
Total column shows percentages of wind 
direction by 30° sectors. 











Cumulative wind speed percentages (98.7% —_— 


“fei 
of winds were 25 knots or less in this sample). LEER Er 
ef rif sa} sofissf ] | 
ka ; Petitetat bt 
: 134 aaf oo] asf col zal 
Derectvon 135-164 Hspepe est tJ 
Idegroes) ° 16° 134 fap safeatinal eat tI (This entry shows 12.7% of all winds 
225 254 an desedod Tt were from the 165° — 194° sector, i.e., 
4255-264 fos] 2] oof x0l ze] | | approximately southerly). 
205-314 [aol oa] sel estat Tf 
315-344 vat pal asl sal eel J 
i, 
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Wind directions in 30° sectors measured from 
true north are summarized as % frequencies 
for each speed range. (example shows 3.3% 
of the 6—10 knot winds were from the 
315° — 344° sector; 2.7% of the winds 


were calm). 
* When shown means data tess than 0.05% {i.e., rounds to less than 
0.1%). Totals may not add to exactly 100% because of rounding. 
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WIND PERSISTENCE TABLES (SECTION IV-B) 


The percentage of ali events that had durations of X 
hours or less, In this example, events of wind speeds of 
greater than § knots tasted for 18 hours or less in 56.7 
percent of the cases. Therefore 43.3 percent of the 


events with » threshold of greater than 5 knots lasted 
more than 18 hours. 





OueaT ION tHOURS? OF 










wInd 





NOURS CURATION OF EVENTS (UPPER BOUNDS! 


Total Events : The number of events satisfying 
the criterion stated. An event is an episode which 
begins and ends with the wind speed c. ossing a 
given threshold. 












Maximum Duration: The maximum duration 
in hours followed by the number of times an 


event of that duration occurred. The total number of observations that met the A 


criterion. This may be more than T because some 
observations may have met the criterion, but missing 
data either before or after the observation made the 


duration impossible to determine. 
Te ' te ° ° 1 


errocemort, ct 


WING SPECO LEN) EVENTS GREATER THAN THE GIVEN CATEGORIES) 





so 

ron . 60 72 ae war 

> 5.0 1308 08.5 08.0 90.7 92.3 05-02 $17 Sans 6167 7338 Be. 25 
21060 as T.3 98.3 986% 99,7 117-0 Tee $37] Syee Tise Ss.1 7 
18.0 6562 99.8 100.0 100-0 100.0 65-01 $92 1658 1003 7102 75.5 0 
320.0 0.0 B 100.0 $00.0 100-0 10¢.0 36-01 270 505 $40 708?) =0t.6 8 yt 
25.0 £265 0 100.0 100.0 100-0 tna.0 30-02 980 233 180 7086) «7.0 DB 
23060 oe? «7 100.0 100.0 190.0 100.0 100.0 190.0 {00.0 20-02 1% 28 33 1086 “$0 
290.0 £0.0 100.0 100.0 100.0 100.0 100.0 290.0 100.0 100.0 100-0 100.0 9-01 2 . a 1006 +10 
$0.0 0 +0 20 +0 y +0 0 +0 20 6B o-0n 860 ° o 7096 +0 0 
6060 +0 o) +o 0 0 0 0 0 +0 0 +0 20 o-o0 6 o o 7086 0 0 


Total Intervals: The number of intervals satisfying the 
criterion stated. An interval is an episode between 
events which begins and ends with the wind speed 


re 

crossing a given threshold. ""* 
wing 
seo 
ana ? 12 1 
> SONS2.2 9.7 06.0 98.2 F862 
220,08 53.5 88.5 59.8 a2? 
21S.0 825.7 S763 865 0.6 
220.0 HF 17.6 76.3 $2.0 are 
225.0 9.0 11.0 12.0 16.0 
40.0 2et ze 2el a.t 
2.0 0 «0 0 0 
$0.0 Ol 0 oa 0 
260.0 0 oO 0 20 





The interval tables show the probabifity of occurrence 
of a specified time interval between certain wind 
events. In this example 88.0 percent of the intervals 


between events of wind speeds greater than 5 knots 
last 9 hours or tess. This simply refers to periods where 


wind speeds are < 5 knots. Therefore winds of < 5 knots 


only occur In 12.0 percent of the occurrences for more 
than 9 hours. 









INTERVAL FHOURSS BETWEEN wIWO SPEED (KN) EVENTS GREATER THaw 
MOUPS INTERVAL BETWEEN EVENTS UPPER BOUNDS? 


The total number of 3 hourly observations that were 
included under Total Episodes . 


ePtosePont, Ct 


THE GIVEN CATEGORIES 







a ta “ so 72 a * 108 100+ Max "1 3 

99.0 99.8 $90.0 106.0 100.0 100-0 100.0 100.06 100.5 39-01 890 976 

98.2 98.0 87.2 99.0 99.9 99-6 99.9 100.0 100.0 ee-01 716 2073 

67.9 70.7 98.6 96.0 97-8 109.0 793-03 $73 S702 

86.8 35.0 Ped 78.8 7666 100-0 $70-02 279 9227 

18.0 20.0 38-0 38.0 39.0 100.0 e?z-01 100 7367 

Zeb ae? AZeS 18.6 28.6 10060 672-01 8h Eze 
0 a oo 0 0 100.0 e72-01 33 (7638 
0 oO 0 0 «0 100.0 e72-01 33) 7392 . 
0 0. 0 oO +0 300.0 672-01 33) T3582 #se7 sno. 





The number of linear interpolations in time performed 
to estimate values when missing data were encountered. 


See Construction of Duration-Intervat Tables” for more 
details. 


The total number of individual 3 hourly 
observations examined. 


The percentage of occurrences ((T*/TO) X 100] of the 
criterion. Note that the marginal percent frequencies 
“P” for the same threshold in the duration and interval 
tables will not always add to exactly 100%. This is 
caused by missing data, and by events running into the 
following seasons. 
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DURATION (HOURS) OF WIND SPEED (AND EVENTS GREATER THAN THE GIVEN CATESOPIES 
w Ino HOUPS DURATION OF EVENTS tUPPFR BOUNDS! 
PO 
om 3 6 ’ 12 18 60 12 a % 108 = 108 war ve 1 te To ° 1 
> 5.0 12.6 20.2 25.5 3069 42.3 T1-3 15.6 19.0 83.0 100-0 276-01 SOL 8212 8212 oer 90.6 9 
210.0 29.0 366 5$.9 62.2 78.3 WH.) OT el 98.6 99.7 99.8 100-0 157-01 941 a908 89068 KTeN 55.9 0 
>15.0 80.3 $8.$ 19.2 9.2 99.9 100.0 100.0 100.0 100-0 100.0 63-0) TIS 2700 2200 4698 75.3 o 
220.0 $0.2 7165 a9 190.0 100-0 100.0 100.0 490.0 100.0 100.0 39-01 263 578 S79 B68; be? 9 
228.0 $9.7 1768 on 100.0 100.0 100.0 100-0 300.0 100.0 100.0 :00.0 100.0 2U-02) 0-72 48Z_— SZ SBD eS ° 
230-0 65.0 90.0 95.0 100-0 100-0 100.0 199.0 100.0 100-0 100-0 200.6 100.0 100.0 100.0 12-01 920 30 30 6680 “3 0 
90.0 +0 «0 +0 +0 0 +0 “a re 20 +o <0 «dD a) +0 o-on 0 C) 0 8680 +0 o 
>50.0 0 +O +0 “oO 20 +0 a) +0 ) +0 7) +0 0 +0 0-00 O) 9 QO AenO o 0 
260.0 +0 +0 +0 +0 +0 +0 ) +0 oO +0 +0 aT) +0 +0 o-0D 9 6 0 8680 +0 ° 
MILWAUREEs WISCONSIN 
wan 
INTERVAL (HOURS? BETWEEN WIND SPEED (KN) EVENTS GREATER THAN THE GIVEN CATTGORIES 
wtwo WOURS INTERVAL BETWEEN EVENTS (UPPER ROUNDS) 
spo 
com 1 4 12 18 28 se = ot) v2 os %% 108 = s08+ max rl t Te 10 ° 1 
> 5.D ST.T 19.7 95.9 # 100.0 100.0 100.0 100-0 100.0 100.0 100.0 100.0 100.0 21-02 877 863 63 sess e690 i) 
210-0 o?.2 V5.2 97.6 9825 99.3 99.9 00.9 100.0 90-01 %e 3970 3970 0 
215.0 ayee WSe2 83.8 8706 93.7 300.0 336-01 138 GTS8 B58 so Q 
>20.0 25.2 39.8 87.6 $260 02.9 100.0 TUS-O2 298 @182 9382 9720 0 
225.0 10.3 I208 #202 25.0 29.6 2368 27.1 100.0 Tae-10 307 106%3 10693 10825 ) 
210.0 Vey 1.3 v3 ool 9.1 1069 $a. 1a. 100.0 Taa-30 SS e792 9792 F822 99.7 0 
290.0 “0 ao oO 0 +0 +0 0 100.0 Taa-35 3s 6680 100.0 o 
280.0 a oo a +o 0 0 oO 100.0 38 Q 
260-0 “0 a 0 0 «0 0 20 100-0 = Faa-3s $$ 8680 8680 $680 100.0 o 
WILWAUREEs WISCONSIN 
app 
MURATION (HOURS) OF VIMD SPEED (KM) EVENTS GREATER Thaw TRE GIVEN CATEGORIES 
wINo HOURS DURATION OF EVENTS (UPPER BOUNDS? 
sP0 
cme 9 12 18 a 6 ss te % 108 108° max YE v Te to i 1 
> $0 25.6 Stew 52-0 $8.6 67.7 @a.2 49.2 1.3 100.0 3S7-Of S39 T78 TITS ST71 88.7 0 
>10.0 $6.6 66.3 85.6 92-5 97,9 99.8 100.0 100.0 100.0 96-Gf LOre 8603 96D) 8830 See ° 
15-0 ¥S.8 83,0 Feed OTD 100-0 300-0 100.0 100.0 @3-Ot Fee 2188 218s Sane 76.0 i] 
220.0 $7.9 92.5 99.6 100.0 300-0 100.0 100.0 100-0 3So-ol 2814 sss $53 8800 6-6 o 
225.9 97.9 97.9 100-0 $00.0 100.0 109.0 300-0 100,06 100.0 We-o2, 78) 122 2Z_ RODS 0 
730.0 68.2 100.0 100,09 100-0 100.0 100.0 100.0 200-0 300.0 300.0 9-08 «22 33 33) 8a00 “a 0 
280-0 100.0 100-0 100.0 100.0 100-0 100.0 100.6 100.0 100.0 100.0 100.0 3-01 1 1 1 8400 Oo o 
>$0-0 0 oC) +0 +0 <0 <0 0 +O a) a) “0 o-oo ° ° @ 8800 ) 9 
>60+0 +0 0 <0 +0 “0 0 <0 6 <0 a) +0 0-00 C] ° oO $so0 “0 0° 
MILVAUNEE, WISCONSIN 
apr 
IWTERVAL (HOURS! BETWEEN WIND SPEED 1M) EVENTS GREATER THAN THE GIVEN CATEGORIES 
MOURNS TNICHUAL GENEL N CENTS tuPPER BOUNDS? 
a se 60 12 a toe = 1086 way tr Te 1 
100-0 100-0 190.0 100.0 100.0 100.0 100.0 24-02 S27 1082 ° 
V1.7 99.9 98.7 99.7 9909 100.0 96-01 3926 6 
Wed 2 9862 100.0 309-0! ose8 o 
378 $3.8 67.2 100.0 «720-01 «318 «9570 #570 0 
Ate? 33.6 39068 100.0 Y20-23 (83 1076S fares o 
3.3 HTS 1963 100.0 720-32 SP F265 9288 Q 
: 0 0 1) 2-6 248 100.0 20-35 34 0 
0 0 av 0 +0 100.0 720-38 38 0 
0 0 +0 @ +o 100.0 720-35 33 800 0 
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DURATION (HOU. OF WIND SPECO (KN) EVENTS GREATER THAN THE GIVER CATEGORIES 
win HOURS DURATION OF EVERTS (UPPER BOUNDS) 
seo 
cand a e 9 42 us ri} 108 106+ nan iia ' 1 
P Seb 14.5 1965 2506 60.8 100.0 330-01 687 T7696 0 
240-0 3169 $0.5 0203 0.4 100.0 324-01 1008 see3 rt) 
2715.0 47.7 66.9 19.5 ate 100.0 S5-O1 658 3573 Cy) 
220.60 1.0 Bbe3 9162 98.8 100.0 Q2-01 162 338 ° 
225.0 60.0 TH.5 85.7 98.3 100.0 \60,0 42-0138 80 Q 
230.0 $0.0 66.0 76.0 100.0 100.0 300.0 18-01 10 fry 0 
60.0 +0 $00.0 100.0 100.0 100.0 100.0 6-01 1 2 C) 
$0.0 “a +0 +o «0 +0 oO 0-00 0 ry o 
>#0.0 i) +0 +0 0 ) 0 Q-00 t) a a 

AILUAUKEE, MISCONSTW 
may 

INTERVAL (HOURS) BETWEEN WIND SPEED IKN) EVENTS GACATER THAM THE SVEN CATEGORIES 
=5nO HOURS INTERVAL GETWEE™ EVENTS (UPPER SOUNOS) 
$Pa 
sand 5 6 ) 12 ‘a 2a ye - 60 2 as y 106+ man "1 t Te 1 
> $20 S3.b TheT 886% 96.3 100,0 100.0 100.0 100.0 100.0 100.0 100.0 © 300.0 24-02 674 1260 1260 Q 
>1C.0 26,0 93.2 $3.7 O4.0 8.4 93.3 5 97.6 9962 99.8 99.7 100.0 880-01 3082 8037 86,, ry Fad 
218.0 18.0 28.6 3eed Saee 42.8 10.0 80.0 Q8.6 00-3 90.3 267 100.0 Q07-Ob 689 «757% 157s 0 
220.6 9.3 138 TTR 1909 34.7 9003 86.8 99.8 $1.8 19060 7T80-O3 21e 1069S 10695 o 
225.0 0 «0 aed Bae Lee 12.0 16.7 88.7 100.0 798-29 YO 10807 10807 0 
P3060 262 202 2a? ty ore) CP. ee ee 100.0 788-35 Os #50) 0 
>90.0 o') a 0 0 +9 0 0 0 100.0 33 So enn? Q 
>$0.0 0 0 0 a 0 a] 0 oO 100.0 3s 35 ste0 o 
260.6 0 1) “0 0 0 0 0 oO 100.6 Tee-35 35 e600 9 

MILWAUKEE, WISCONSIN 
Jun 

OUGATION SHOURS) OF WIND SPEEDO (KM) EVENTS GREATER THAM CHE GIVEN CATESORIES 
wind HOURS DURATION OF EVENTS (UPPER BOUNDS) 
SPO 
ah ’ 6 2 3 % 1081066 man 1 
> $60 1565 235-0 10.6 93.9 97.2 97,6 100.0 296-o1 o 
210.0 37.8 $5.0 bed 9568 4100-0 800.0 190-0 100.0 100.0 69-01 6 
USC 80.7 1369 93.5 9868 100-0 300.0 100-0 100,09 100.0 98-02 Q 
220-0 Wet hee 99.1 300.0 100.0 100.0 100-0 100.0 100-0 100,0 360.0 10-01 6 
2275.0 90.9 9565 490.0 $00.0 600.0 200.0 100-6 100.0 100.0 100.0 400.0 t2-o1 o 
230.0 190.0 100.0 100.0 100.0 300.0 100.0 300.0 100.0 100-0 100.0 100.0 3-03 0 
240.0 +0 0 -0 0 0 <0 «0 ) +0 +0 0 0-00 o 
250.0 “0 “0 +0 0 +0 «0 0 0 0 0 “0 O-00 ry 
260.0 oO oO oy oy 0 a oO 0 0 oO co a-o0 0 
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INTERVAL CHOURS) BETWEEN WIND SPEED CHD EVENTS 
wind HOURS INTERVAL BETUCEM EVENTS (UPPER 
seo 
(ame 5 > ’ a2 as a 36 bi) 20 2 ee 108 yaee max UW T Te To 
% 5.0 $2.6 MSet BIe2 9be% 9967 100.0 100.0 200.0 100.4 100-0 160-0 100.0 109.0 100.0 Zi-g2 OOO 1917 E827 Oat2 
24060 23.7 SPeo STS SOe2 Phe O5.9 hed MHS HAZ OFZ O92 WF F9.7 100.0 392-0) 3063 $362 $36) 8902 
215-0 BS.d 19-2 20.0 26.0 42.9 52.9 Wed 28.$ 80-6 83.0 84.2 b9.% 100.0 $61-01 S25 8228 8220 F256 
220-0 10,2 heb 83.6 fa63 1060 22.8 3220 3864 36.8 8252 3 300-0 T2Q-17 147 11089 11089 11208 
223.0 a ad 0 0 9 0 3-8 368 3.8 $.3 7.0 100.0 720-38 10ese 
230.9 a 0 oo) 0 oO 0 a 0 a 0 oO 266 100.0 720-35 ever 
940.0 0 od +9 0 0 0 a +0 a0 0 0 oO 1090.0 720-35 es00 
2$0.0 a0 0 +d 0 2) 0 oy 0 0 oO 0 -Q 160.0 720-35 e000 
360.0 ou 0 +Q ot) 0 0 2 +0 0 6 0 «0 $00.6 720-35 #000 100.0 
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MILWAUKEE, WISCONSIN 
Jue 
QURATION IWOURS) OF VINO SPEED (KN) EVENTS GREATER THAN THE GIVEN CATEGORIFS 
wind HOURS DURATION OF EVENTS (UPPER BOUNDS) 
$Po 
ten 3 6 oo zi ee tose max s€ v t 
> 8.0 15.0 22.6 6.8 90.2 98.0 Fb.1 100.0 219-01 $$ Tor 0 
2 210.0 90.5 61.9 99.8 99.9 99.9 100.0 100.0 100.0 100.0 7e-01 1067 2638 C) 
{ 215.0 61.6 60.3 90.6 200.0 100.0 190.0 100.0 100.6 100.0 100.0 30-08 806 = 712 C) 
Se 220.0 70.8 6.9 100.0 100.0 100.0 $00.0 100.0 100.0 100.0 100.9 $00.0 9-02 es o 
225.0 88.7 190.0 130.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 6-01 ? a 
>30.0 10 100.0 100.0 100.0 100.0 100.0 100.0 3-02 2 2 o 
>90.0 ) 20 +0 <0 0 a) «0 <0 0-00 0 0 C) 
>$0.0 +0 “0 20 a) 0 +0 20 +0 9-00 0 a 0 
260.0 “0 ) «o 7) <0 0 +0 +0 0-00 C) C) a 
WILWAUNEE, WSSCONSIN 
at 
TWTER VAL (HOURS) BETWEEN WIND SPEED (KM) EVENTS GREATER THAN THE GIVEN CATEGORIES 
win WOURS INTERVAL BETWEEN EVENTS (UPPER BOUNDS! 
sPo 
aKND 3 6 ° 12 16 za de ad 60 2 ee ” 108 ines max "1 P 1 
> 5.0 88.3 65-8 80.6 152 99.8 100.0 300.0 100-0 190.0 100.0 100.0 100.0 100.0 20.9 0 
d10.0 72.1 32.0 5.8 97.3 100.0 68.0 9 tid 
49.0 12,68 18.0 62.6 100.0 2.7 9 
>20.0 3.0 6.0 16.0 100.0 0 
25-0 O 0 0 100.0 99.9 0 
>30.0 0 o 0 100.0 100.0 0 
290.0 0 od oO 300.0 190.0 0 
>$0.0 0 0 o] 100.0 s 100.0 0 
>60.0 0 0 0 100.0 $680 6680 #680 100.0 9 P 
i 
MILWVAUREE, WISCONSIN 
aug 
OUGATION {HOURS? OF WIND SPEED (END EVENTS GREATER THAM THE GIVEN CATEGORIES 
wien HOUPS CURATION OF EVENTS (UPPER SOUNDS! 7 
seo 
une ] 6 * 18 a ue bid oo wz oe " tos Lose x Te Y 1 
> 5.0 16.3 2862 39.0 60.7 Tho 9 G62 69.7 $2.9 9$.4 7.9 46.9 100.0 -Of 661 Thee a 
210.0 839.8 65.2 77,5 95e1 99.1 99.9 300.0 100.0 100.0 100.0 100.0 100.0 $3-01 1085 2668 0 
248.0 SPT 360 02.9 9965 200.0 200-0 100.0 100.0 100-0 100.0 100-0 100-0 30-Cl «368 628 o 
220.0 75.0 90.6 100.0 100.0 100.0 100.0 100-0 100.0 100.0 100.0 100.0 100.0 100.0 9-03 32 “3 0 
22560 66.7 100.0 100.0 100-0 100.0 $00.0 800.0 100.0 100.0 100.0 100.0 100.0 100.0 6-O8 3 s ° i 
230.0 $00.0 100-0 109.0 100-0 100.0 100-0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 3-02 2 2 0 
299.0 100.0 100-0 100.0 100.0 100.0 100.0 $00.0 190.0 100.0 100.0 101 100.0 100.0 3-01 ‘ y 0 
>$0.0 100.0 100.0 100.0 190.0 106.0 100.0 100.0 100.0 100.0 16; .0 100.0 100.0 3-01 1 1 a 
»60.0 <0 a] 0 a) 0 0 0 <0 0 0 0 0 20 0-00 ° C) C) 
WILWAUKEE, WISCONSIN 
auc 
TNTERVAL (HOURS) BETWREN WIND SPEED (KN) EVENTS GREATER Tham THE GIVEN CATEGORIES 
wtho MOUPS INTERVAL BETWEEN EVENTS (UPPER BOUNDS? 
sP0 
(muy 9 V2 is a 3e Ad oo ” roe 108¢ ' 1 
> 3.0 THO Pe 99-8 100.0 100.0 100-0 109.0 | 100-0 160.0 eas 1085 o 4 
210.60 22.2 $8.0 83.3 Shed Phe? 2.9 97.0 99.8 99S 100.0 6150 0 | 
PESO 10.0 6503 20.6 2808 SPot Soe 62.9 7.2 18.9 100.0 Y 0 t 
220.0 0 os a 168 3.0 6-0 0.0 10.8 106% 100.0 0 < 
we 228.0 0 +0 20 0 0 +0 +0 0 +0 100.0 o 
230.90 0 0 0 oO 0 0 0 oo 0 100.0 0 ' 
40.0 oJ 0 0 0 0 0 0 +O 100.0 0 
»$0.0 0 a oO 0 0 0 0 +0 100.0 a 
260.0 0 0 0 od 0 0 od «6 100.0 ° 
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tnd 
seo 
cand 
> $0 
240.0 
245.0 
>70.0 
225.0 
>30.0 
>edeu 
2$0.0 
260.0 


wind 

$P0 

ann 

> $6 
240.6 
>15-0 
>20.0 
22560 
>30.0 
240.0 
350.0 
60.0 


wind 
seo 
cen 
> $.0 
240.0 
PUS6b 
220.0 
225.0 
230.0 
290.0 
250.0 
260.6 


wing 
SPO 
anny 
> 9.0 
710.0 
245.0 
220.0 
225.0 
230.0 
90.0 
759,08 
260.0 





100-Q 100-0 300.0 100.0 100.0 100.0 100.0 100.0 to0.0 100.8 800.0 
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OUPATION SHOURS) OF WIND SPEED (KM) EVENTS GREATER Tham tHe GhvE™ Calegoures 
WOURS OUMATION OF EVENTS UPPER BOUND: 








BTS iy eo v2 a -” 168) 108- 
09.0 03.9 86.0 08.8 100.0 





Theo 188.9 190-0 360-0 100.0 100.0 

90.0 100.0 160.0 100.0 106.0 100.9 

ee) 97.8 100.0 109.0 100.0 100.0 100.0 100.0 800.0 108.0 106.0 100.6 

84.6 92.3 100.0 100.0 106.0 100.0 100.0 170.0 100.0 100.0 100.0 100.0 100.0 160.0 
100-0 100.0 100-0 100.0 100.0 100.0 400.0 100.0 §00.G 100.0 160.0 190.0 300.0 180.0 3-02 
a) +0 +0 0 +0 +0 +o 7) a 0 Oo +0 +o 9-00 
+0 +0 +0 +0 ) -o “0 7") . +0 0 +0 -o 0-00 
0 0 7) “0 +0 0 +0 +0 0 0 @ 0 +0 9-00 
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see 
IMTERVAL (HOURS S OLT VEEN WIND SPEED ImMt EVENTS GREATER Toke THE Gl¥EM CATEGORIES 
WOURS INTERVAL BETVEEN EVENTS 1uPPER BOUNDS! 

3 6 a ry a) 00 2 a 108 soe war 
50-6 69.6 7 100.0 100.0 100.0 100.9 100.0 100.0 108.0 100-0 100.0 2b-02 
20.3 34.9 & 86-2 F265 97S © 99.5 99.9 00.0 380.0 b1a-O8 
12e9 2be8 8263 OQ. 1255 66.23 00.2 92.9 100.0 817-01 

3.8 208 $.5 41.0 1st t.e 8 33.0 100.0 720-13 

a 0 res 2e6 ak 20d 2.3 300.0 720-30 

a oo) 0 ao +0 0 oa +0 108.0 20-38 

+0 0 0 0 0 oo oO 20 100.0 = 720-35 

+d 0 0 0 0 0 0 +0 100.0 = 720-35 

a) 0 0 od 0 a a +B 300-0 320-35 
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DURATION (HOURS) OF WENO SPEED KM) EVENTS GMEATER THAN THE SIVEN CATEGOMITS 
HOURS DURATION OF EVENTS HUPPFR BOUNDS) 


a2 Ld a % 
40.7 %.2 S566 8301 
s 


a 60 2 oy ” 106 = 308+ man 
¥O.7 49.9 87.8 06.3 91.8 100.0 
10.8 83-2 89.8 99.9 200.0 100.0 300.0 
89.6 95.7? 9065 @ 300.0 300.6 100.0 1 300.0 100.0 42-0) 
62.9 82.5 93.7 97.9 100.0 100.0 100.0 100.0 100.0 106-0 160.0 106.0 100.0 16-02 
9643 %).3 100.0 300.0 100.0 100.0 100.0 100.0 100.6 100.0 300.6 108.0 100.0 9-08 
300.0 190.9 3-08 

oO . 0-00 
e-o0 
o-00 
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0 0 0 oO +8 0 0 oO «0 
0 ol) od 0 a 0 0 0 0 
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(mTERVAL CHOURS? BITUEEN WIND SPEED ihm) CVEMTS GREATER THAN THE GIVEN CATEGORIES 
wouns INTE LU BETMEEM EVENTS (UPPER ROUNDS! 
3 i ° az a a e sa6e 
50.0 +e 028 9162 9908 300.0 200.0 1 
BOet «1 $$-% 62.8 ere 93.1 97.0 






39.0) 063) 30-0 9260 
20.7 4557 1768 $608 
deo ie bet toe 
0 0 0 a 
a 0 0 a 
so ce) od a 
0 0 oO a 


$1.2 40.9 OL.2 
23.6 27.0 3168 
$62 52 Bed 
2-6 266 2b 
0 0 -0 
“0 0 0 
0 0 0 


4 95.9 
z 43.3 
9oF 
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nov 
OURATION (HOURS) OF VINO SPEED (RMT EVENTS GREATER THAW THE GIVEN CATEGORIES 
“INO HOURS DURATION OF EVENTS (UPPER BOUNDS? 
SPD 
anne s 6 wz is a 36 6 60 2 % 108 = 1086 nan 
> 5.0 2768 2902 3563 60.3 69.0 78.2 78.8 $3.0 87.2 90.7 100.0 333-01 
210.0 3055 8642 65.0 3.8 977 9 99.7 99.9 100.0 100.0 108-01 
>18.0 oy ’ 400.0 100.0 300.0 100.0 100.0 66-01 
220.0 lat 100.0 100.0 100.0 33-02 
225.0 . 100.0 101 10 10 100.0 100.0 100.0 21-02 
>30.0 100.0 200.0 100,0 100.0 100-0 $00.0 100.0 100.0 00.0 100.0 12-02 
>e0.0 0 oy 0 0 0 6 0 0 oJ 0 0-00 
>$0.0 +0 +0 0 20 +9 +0 0 0 <0 +0 D-00 
260.0 +0 0 +0 a) 28 0 20 +o 0 20 0-00 
MILWAUNEE, WISCONSIN 
now 
IMTE@VAL THOURS) BETWEEN WIND SPEED CHM) EVENTS GREATER THAN THE GIVEN CATEGORIES 
wINO HOURS INTERVAL BETWEEM EVENTS (UPPER BOUNDS) 
spo 
(nw 3 6 9 (2 28 36 “8 60 v2 fT) * 108 = 086 wax 
> 5.0 STS T60S 88.9 93.9 9-6 100.0 100.0 100-0 100.0 100.0 100.0 100.0 33-ot 
>10.0 e 9 * 96. 9 99.5 @ 10-0 1S9-O! 
>18.0 61.3 8568 100.0 336-01 
220.0 1960 2208 2002 32-2 Atel 100.0 720-08 
225.0 7.3 6.5 865 1.0 1569 100.0 120-20 
»>30.0 oO 0 200 2.0 2.0 “00 100.0 720-32 
280.0 0 oO 0 0 0 oy 100.0 120-35 
230.0 0 oO 0 0 ] 0 100.0 720-38 
260.0 0 0 «Oo 0 oO Od 100.0 720-38 
- MILWAUKEE, UISCONSIN 
0 
CURATION {HOURS) OF WIND SPEED (KN) EVENTS GREATER THAN THE GIVEN CATEGORIES 
HOURS OURATION OF EVENTS (UPPER BOUNDS?! 
12 18 2 3 ao 60 12 max 
3ied 9065 $5.0 63.0 71.9 Tool 326-0) 
9 95.5 98.0 99.0 ni7-08 
100.0 100.0 100.0 100.0 80-02 
100.0 100 100.0 3e-0t 
401 30) 100-0 29-08 
100.0 100. 15-01 
290.0 100.0 100.4 300.0 3-01 
250.0 0 20 0 0-00 
60.0 0 a 0 0 0 0 oo «0 0-00 
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HOURS INTERVAL BETUZEH EVENTS (UPPER BOUNDS) 





18 a % Ld 0 v2 as % 408 hose wart 

98.3 99.8 100.0 100.0 300.0 100.0 100-0 100.0 100.0 100.0 27-01 

Td v 9 bi ? 100.0 99-01 
301-01 
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